The old heart: operating on the edge.
Excitation of cardiac cells is accompanied by Ca2+ influx which triggers a transient increase in cytosolic [Ca2+], (Cai), and contraction. While the amplitudes of the Cai transient and contraction increase with the extent of cell Ca2+ loading, excess Ca2+ loading leads to dysregulation of Ca2+ homeostasis, impaired contraction, arrhythmia and cell death. The cell Ca2+ load is determined by membrane structure and permeability characteristics, the intensity of stimuli that modulate Ca2+ influx or efflux via regulatory function of proteins within membranes, and reactive oxygen species (ROS), which affect both membrane structure and function. Cardiocytes of senescent hearts exhibit a reduced threshold for pathologic manifestations of excess Ca2+ loading during stimulation (physiologic or pharmacologic) that increases Ca2+ influx, e.g. in response to neurotransmitters, post-ischaemic reperfusion, or oxidative stress. Cell 'remodelling' is one cause of the relative Ca2+ intolerance of cardiocytes in the senescent heart; cells increase in size and changes occur in the amounts of proteins that regulate Ca2+ handling due, in part, to altered gene expression; another cause is a change in the composition of membranes in which Ca2+ regulatory proteins reside, e.g. an increase in membrane omega 6:omega 3 polyunsaturated fatty acids (PUFA); a third cause is an enhanced likelihood for intracellular generation of ROS. Each class of these determinants changes with ageing and reduces the threshold for Ca2+ overload to occur with the older heart. The risk of excess Ca2+ loading within the senescent heart can potentially be reduced by gene therapy to restore Ca2+ regulatory proteins, by diet to reverse the membrane omega 6:omega 3 PUFA imbalance, or by antioxidants.